answer these questions, trace element levels (normalized with Al) will be compared with those 67 reported for other sediments from the Southern California Bight and with average shale values of 68 sedimentary rocks to evaluate the extent of anthropogenic perturbations in the sediments of these 69 two important Mexican harbors. Additionally, pollution load indexes (Tomlinson et al., 1980; 70 Angulo, 1996) and geoaccumulation indexes (Müller, 1979) will be calculated for both harbors. 71
Finally, total concentrations will be compared with the U.S. NOAA's sediment quality guidelines 72 (as proposed by Long et al., 1995) to estimate the possible consequences of the metal levels 73 analyzed in this study to the local biota. Because of the absence of similar studies in the region, 74 this paper will also provide baseline data for future research on anthropogenic impacts in the 75 region. 76 77
Materials and methods 78

Study area 79 80
Ensenada and El Sauzal harbors are situated in Todos Santos Bay, which is located in 81 the northwestern part of the Baja California Peninsula, Mexico (Figure 1a ), 100 km south of the 82 US-Mexico border (31º 40', 31º 56' N; 116º 36', 116º 50' W). This 240-km 2 bay is limited to the 83 south by Punta Banda, to the north by Punta San Miguel, to the southwest by two small islands 84 located near the mouth of the bay, and to the northeast by the city of Ensenada (around 400,000 85 inhabitants). According to Pavía (2004) , the climate of the region is Mediterranean, with scarce 86 rainfall (annual average of 250 mm) that occurs mainly during the winter (average of 200 mm). 87
The regional surface circulation pattern is produced by a predominant northwest component of 88 the wind and surface currents have been reported to average 15 cm s -1 and 5 cm s -1 during 89 summer and winter, respectively (Alvarez-Sánchez et al., 1988). This wind-driven circulation 90 pattern promotes the transport of water from the adjacent Pacific Ocean towards the inner bay, 91 generating a cell circulation system (dotted arrows; Figure 1b) . Part of this flow is directed toward 92
Ensenada harbor and the other part toward Punta Banda, in the southwestern part of the bay 93 Ensenada Harbor, an international marine terminal, was built in 1956 and covers an area 96 of 1.95 km 2 (i.e., approximately 13 times bigger than El Sauzal Harbor). The mouth of the harbor 97 is formed by a 1,640-m-long rock breakwater that is connected to the coast and by a 855-m-long 98 jetty (El Gallo; Figure 1d ). Water depths range from 1.5 to 11 m, with the deepest parts located 99 adjacent to the loading and terminal docks and the main navigation channel. In addition to the 100 presence of fine-grained sediments (approximately 80% <62.5 µm), this harbor tends to 101 accumulate metals due to inputs from (a) a wholesale fish market, (b) marine vessels normally 102 docked in the port and marina areas, (c) urban runoff discharged through Arroyo Ensenada 103 This core was collected within the dredged channel, close to Arroyo Ensenada and in front of the 119 cruise terminal, which was still not constructed at that time. Six more cores (cores 1E to 6E) were 120 collected on January 8, 2002 at water depths of approximately 9 m (Figure 1d ) and beneath the 121 docks, considered the areas least affected by sediment resuspension and dredging. Sediments 122 had a hydrogen sulfide smell, were black along the length of the cores and did not show any 123 oxidized portion close to the sediment-water interface. Cores from El Sauzal Harbor were 124 collected on September 29, 2004 (cores 1S to 4S) at water depths ranging from 6 to 9 m (Figure  125 1c). A polycarbonate plastic core liner (7.2 cm internal diameter, 60 cm in length) was introduced 126 into the sediment, retrieved and capped underwater by a diver who transferred it to a boat. Once 127 on board, the core liner was capped with a plastic cap, sealed with electrical tape and transported 128 to shore, where it was extruded and sliced every 1 cm with a plastic spatula. Each section was 129 then transferred to a 50-mL centrifuge polypropylene tube and stored at -20ºC for further 130 laboratory analysis. Only core 0E was sliced in a glove bag under nitrogen atmosphere to avoid 131 precipitation of the reduced Fe and Mn dissolved in the anoxic portion of the interstitial water. 132
The 10-13 cm sediment depths of core 2S consisted almost entirely of fish scales. 133
All laboratory materials were washed with phosphate-free soap, rinsed three times with 134 distilled water and left for 24 hours in a 5% HCl solution. The material was then rinsed three 135 times with deionized water (Milli-Q grade) and left semi-closed to dry at room temperature. To reduce the complexity within the similarity matrix, the dataset (including metal 158 concentrations, org-C content and %GS) was transformed into a simpler factor matrix by principal 159 components analysis (PCA). For both Ensenada and El Sauzal harbors, the PCA was calculated 160 based on the correlation matrix of the standardized data using the SYSTAT 8.0 statistical 161 package. For this analysis, eigenvalues >1 were considered significant and, in addition, the 162 orthogonal varimax rotation was chosen for factor rotation. shows that cores 3S and 4S were located at approximately 9 m depth (i.e., the deepest inner 215 area), whereas cores 1S and 2S were collected at water depths of approximately 6 m. Judging 216 from the grain size composition, station 1S was located where the hydrodymic energy was higher. 217 probably related to primary productivity and its relationship with vitamin B12, as was previously 393 discussed for Co. However, it is surprising that Cu was among the metals neither enriched nor 394 impoverished, since granular copper mine tailings were routinely employed to sandblast ships in 395 a dry dock facility located adjacent to Ensenada Harbor. It is highly probable that the high 396 enrichment value (EF Cu = 13) obtained for core 1E ( where a significant correlation was found between these two elements (Tables 3 and 4) . Hence, 402 Ni is probably released into the interstitial water upon reductive dissolution of the Mn oxides and, 403 most likely, diffuses towards the sediment-water interface and is lost to the water column together 404 with the dissolved Mn. 405
The average ratios of the Ensenada:El Sauzal enrichment factors (defined as 406 EF Me(Ensenada) /EF Me(El Sauzal) ) ranged from 0.63 ± 0.48 for Zn to 2.9 ± 12.4 for Cu (Table 5) . 407
According to these results, only Zn and Cd concentrations were higher in El Sauzal Harbor, 408 whereas the rest of the metals were more concentrated in Ensenada Harbor, especially Cu with 409 a ratio of 2.9 ± 12.4. However, if the anomalously high EF Me results for some of the cores are 410 removed from the calculation of the average ratio (e.g., Cd and Ni without core 0E and Cu without 411 core 1E), then the values are very close to unity for most of the metals (Table 5) . Since a value 412 of 1.0 would indicate that total metal concentrations in the sediments of both harbors are equal, 413 these results suggest that Zn is the only metal whose concentrations are generally higher in El 414
Sauzal, while Co is higher in Ensenada (0.63 ± 0.48 and 1.7 ± 0.8, respectively; Table 5 Harbor, the core closer to the value of baseline pollutants (1.24) was 5E (at the harbor mouth), 434 whereas the innermost core 1E had the highest PLI value (4.29). The other cores showed values 435 between 1.97 and 2.89, with an overall value for the zone of 2.47 ("Ens" black bar in Figure 8) . 436
The PLI values calculated for El Sauzal Harbor suggest that this zone is appreciably less 437 impacted by metal pollutants than Ensenada, ranging from 1.01 (core 1S at the harbor mouth) to 438 1.99 (core 2S), with a zonal value of 1.51 ("Sauz" black bar in Figure 8 ), equivalent to 61% of the 439 overall value for Ensenada Harbor. Hence, as a rule, the cores collected at both harbor mouths 440 had the lowest PLI values, whereas the inner cores had the highest values. 441 442
Geoaccumulation index 443 444
The geoaccumulation index (I geo ), introduced by Müller (1981) , has been used to 445 quantitatively measure metal pollution in aquatic sediments (e.g., Santos Bermejo et al., 2003) , 446 based on a pollution intensity classification (I geo class) that consists of 7 grades or classes (0 to 6, 447 Harbor) of the elements belonged to I geo classes 0 and 1 (unpolluted to moderately polluted), with 457 only 6.3% (Ensenada Harbor only) positioned in I geo class 4 (0% for El Sauzal Harbor; Table 6 ). 458
The only element that consistently ranked high in the I geo classes (3 or 4), for both harbors and all 459 cores (except 0E), was Cd (Table 6 ). It is clear that Ensenada has more metals in the "polluted" 460 I geo classes (2 to 6; Table 6 ) than El Sauzal (20.6% vs. 13.9%, respectively). None of the 461 analyzed elements were positioned in the last two, more polluted classes (5 and 6). 462 (Table 7: guideline values available only  472 for Cd, Cu, Ni, Pb and Zn). These two guideline values (ERL and ERM) delineate three 473 concentration ranges (<ERL, ERL-ERM, >ERM) for a particular metal. Hence, concentrations 474 below the ERL value will represent a minimal-effects range, a range intended to estimate 475 conditions in which biological effects would be rarely observed. Concentrations equal to and 476 above the ERL, but below the ERM, will represent a possible-effects range within which effects 477 would occasionally occur. Finally, concentrations equivalent to and above the ERM value will 478 represent a probable-effects range within which effects would frequently occur (Long et al., 1995) . 479 Table 7 shows that there is a considerable difference between the two harbors in the allocation of 480
Cu, Ni and Pb levels among the different concentrations ranges. In El Sauzal Harbor (n = 74), Cu 481 was distributed between the <ERL (29.7%) and ERL-ERM (70.3%) ranges, whereas in Ensenada 482
Harbor (n = 147), it occurred between the <ERL (10.4%), ERL-ERM (75.3%) and >ERM (14.3%) 483
We thank Rafael Blanco-Betancourt, who collected all cores for this study, and two anonymous 511 reviewers, whose insightful comments greatly improved the content of the manuscript. This 512 Table 3 . Pearson correlation matrix for the sedimentary geochemical data from Ensenada and El Sauzal harbors. Core 0E was not included in the analysis because the percentage of grain size <62.5 µm (%GS) and organic carbon (org-C) were not available. Cu and Zn concentrations at 5.5 cm depth in core 1E were also not considered because they represent outliers. Table 4 . Results of PCA applied to sedimentary geochemical data gathered at Ensenada and El Sauzal harbors. Core 0E was not included in this analysis because the percentage of grain size <62.5 µm (%GS) and organic carbon (org-C) were not available. Cu and Zn concentrations at 5.5 cm depth in core 1E were also not considered because they represent outliers. 
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